Anti-inflammatory mechanism of ginseng saponin metabolite Rh3 in lipopolysaccharide-stimulated microglia: critical role of 5'-adenosine monophosphate-activated protein kinase signaling pathway.
Ginsenoside Rh3 is a bacterial metabolite of Rg5, which is the main constituent of heat-processed ginseng. The present study was undertaken to examine the anti-inflammatory effect of ginsenoside Rh3 in lipopolysaccharide (LPS)-stimulated microglia. Rh3 inhibits the expressions of inducible nitric oxide synthase (iNOS) and proinflammatory cytokines, such as tumor necrosis factor (TNF)-α and interleukin (IL)-6, at mRNA and protein levels, while Rh3 enhanced anti-inflammatory hemeoxygenase-1 expression. Moreover, Rh3 inhibited nuclear factor-κB (NF-κB) by upregulation of sirtuin 1 (SIRT1) and enhanced Nrf2 DNA-binding activities. Analysis of signaling pathways revealed that Rh3 enhanced the phosphorylation of 5'-adenosine monophosphate-activated protein kinase (AMPK) and inhibited Akt and janus kinase 1 (JAK1)/signal transducer and activator of transcription 1 (STAT1) induced by LPS. By treatment of BV2 cells with AICAR (a pharmacological activator of AMPK), we found that AMPK is an upstream regulator of phosphatidylinositol 3-kinase (PI3K)/Akt and JAK1/STAT1. Furthermore, AMPK knockdown experiments demonstrated the anti-inflammatory role of AMPK in LPS/Rh3-treated BV2 microglia. Our data collectively suggest that Rh3 exerts an anti-inflammatory effect in microglia by modulating AMPK and its downstream signaling pathways.